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ABSTRACT

Background and Objectives: The traditional open ap-
proach is still a common option for colectomy and the
most common option chosen for rectal resections for
cancer. Randomized trials and large database studies have
reported the merits of the minimally invasive approach,
while studies comparing laparoscopic and robotic options
have reported inconsistent results.

Methods: This study was designed to compare open,
laparoscopic, and robotic colorectal surgery outcomes in
protocol-driven regional and national databases. Logistic
and multiple linear regression analyses were used to com-
pare standard 30-day colorectal outcomes in the Michigan
Surgical Quality Collaborative (MSQC) and American Col-
lege of Surgeons National Surgical Quality Improvement
Program (ACS-NSQIP) databases. The primary outcome
was overall complications.

Results: A total of 10,054 MSQC patients (open 37.5%,
laparoscopic 48.8%, and robotic 13.6%) and 80,535 ACS-
NSQIP patients (open 25.0%, laparoscopic 67.1%, and
robotic 7.9%) met inclusion criteria. Overall complications
and surgical site infections were significantly favorable for
the laparoscopic and robotic approaches compared with
the open approach. Anastomotic leaks were significantly
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fewer for the laparoscopic and robotic approaches com-
pared with the open approach in ACS-NSQIP, while there
was no significant difference between robotic and open
approaches in MSQC. Laparoscopic complications were
significantly less than robotic complications in MSQC but
significantly more in ACS-NSQIP. Laparoscopic 30-day mor-
tality was significantly less than for the robotic approach in
MSQC, but there was no difference in ACS-NSQIP.

Conclusion: Minimally invasive colorectal surgery is as-
sociated with fewer complications and has several other
outcomes advantages compared with the traditional open
approach. Individual complication comparisons vary be-
tween databases, and caution should be exercised when
interpreting results in context.

Key Words: Minimally invasive, Laparoscopic, Robotic,
Colorectal surgery.

INTRODUCTION

Multiple studies have shown favorable short-term mini-
mally invasive (MIS) colorectal surgery outcomes com-
pared with the open colectomy (OC) approach.'-> Even
so, adoption of the laparoscopic colectomy (LC) method
plateaued at 22-55% of colorectal procedures, resulting in
the evolution, adoption, and critical analysis of the robotic
colectomy (RC) platform.6-%

As MIS options continue to evolve beyond current LC limi-
tations and RC learning curves, studies designed to compare
surgical options help determine the current role for each
approach. Although randomized trials are considered the
optimal study design, they are limited in colorectal surgery to
MIS surgeons who have unique expertise and whose results
may not be generalizable 10 Large risk-adjusted databases
offer power in comparison and are potentially generalizable
due to large patient numbers contributed by surgeons with
varying skill sets and expertise, but these databases are also
limited by the reliability of data abstraction and interpretation
and lack of certain details.

The purpose of this study was to compare the results of
OC, LC, and RC colorectal surgery outcomes in a large
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regional risk-adjusted and a large national risk-adjusted
database.

METHODS

This study is a retrospective outcomes comparison of OC,
LC, and RC colorectal surgery using data from the national
American College of Surgeons-National Surgical Quality
Program (ACS-NSQIP) database from January 1, 2012,
through December 31, 2016, and from the regional 72-
hospital Michigan Surgical Quality Collaborative (MSQC)
database from July 1, 2012, through August 20, 2017. Both
risk-adjusted databases employ certified and trained data
abstractors who collect patient demographics and preop-
erative and 30-day postoperative information on surgical
patients. This study was approved by the Institutional
Review Board at Saint Joseph Mercy Health System, Ann
Arbor, Michigan.

Inclusion Criteria

The following CPT codes were used to query cases: OC
(44140, 44160), open pelvic operations (44145, 441406,
45110), MIS colectomy (44204, 44205), and MIS pelvic
operations (44207, 44208, 45395). Both MSQC and NSQIP
database dictionaries distinguish LC from RC cases. Exclu-
sion criteria were pediatric patients (younger than 18
years), urgent and emergent operations, and patients with
American Society of Anesthesiologists (ASA) classification
of 5 (moribund) or 6 (brain death). The study was de-
signed to compare MIS completed operations, so LC and
RC converted cases were excluded.

Variables for Statistical Model

Preoperative variables for both databases included age,
sex, body mass index (BMD), and race/ethnicity. Comor-
bidities included tobacco use, diabetes, ventilator depen-
dence, hypertension, congestive heart failure, chronic ob-
structive pulmonary disease, ascites, disseminated cancer,
weight loss (>10% in the past 6 months), presence of
bleeding disorders, diagnosis (colorectal cancer, colorec-
tal adenomas/polyps, diverticular disease, other), and
ASA classification. Both databases also included a variable
for operative time, which was considered as a covariate
except for the model in which operative time 100 minutes
was the outcome. The MSQC database additionally in-
cluded history of sleep apnea, deep vein thrombosis
(DVT), coronary artery disease (CAD), peripheral vascular
disease, steroid use, history of alcohol abuse, hospital
volume, and surgeon volume. The ACS-NSQIP database
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also included location of surgery (right colectomy, sig-
moid colectomy, total colectomy, or rectal resection).

Outcomes

The primary outcome in this study was overall 30-day
complications. Secondary outcomes of interest were hos-
pital length of stay (LOS), operative time, surgical site
infections (SSIs), urinary tract infections (UTIs), DVT, car-
diac complications, pneumonia, unplanned intubation, re-
nal failure, anastomotic leaks, 30-day readmission, 30-day
reoperation, discharge destination not home, and 30-day
mortality. Operative time was defined as the duration of
operation from skin incision to skin closure. Anastomotic
leak was defined as extravasation of contrast medium at
computed tomography scan or contrast enema.

Statistical Analysis

Patients in the OC, LC, and RC groups were compared by
demographics and presurgical health histories with the
use of x* tests for categorical variables and f#tests for
interval variables. Given the significant differences in pa-
tient backgrounds, logistic (categorical outcomes) and lin-
ear (continuous outcome) regression analyses were per-
formed that adjusted for the pretreatment variables. The
results of the logistic regressions are summarized by using
odds ratios (ORs) and the corresponding 95% confidence
intervals (CIs). Significant differences in outcomes be-
tween surgery types are identified when the 95% CIs do
not include 1. The results of the linear regression analyses
are summarized with the estimated slope and the corre-
sponding 95% CI. Significant differences are identified
when the 95% CI around the estimated slope does not
include 0.

RESULTS

A total of 10,054 MSQC patients (3775 [37.6%] OC, 4908
[48.8%] LC, and 1371 [13.6%] RC) and 80,535 ACS-NSQIP
patients (20,116 [25.0%] OC, 54,077 [67.1%] LC, and 6342
[7.9%] RC) met inclusion criteria. Patient characteristics for
both MSQC and ACS-NSQIP groups are depicted in Table
1 and are summarized in the following. There were sig-
nificant differences in all measured MSQC and ACS-NSQIP
patient characteristics except alcohol use and ventilator
dependence in the MSQC population. MSQC/ACS-NSQIP
BMI =30 kg/m? accounted for 38.1%/33.9% of OC, 38.2%/
35.0% of LC, and 39.5%/37.6% of RC cases, respectively.
The OC group in both MSQC and ACS-NSQIP had signif-
icantly more patients of ASA 3/4 categories. Colorectal
neoplasia and diverticular disease constituted 54.5% and
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24.1% of the MSQC and 53.9% and 22.3% of the ACS-
NSQIP patient populations, respectively. Rectal resections
constituted a significantly larger proportion of cases in the
RC group compared with the OC and LC groups (OC
33.2%, LC 29.6%, RC 48.4%).

Table 2 displays unadjusted MSQC and ACS-NSQIP out-
comes that are summarized by the following. The number
of operative cases with duration >100 minutes is signifi-
cantly higher and the hospital LOS is significantly shorter
for the patients who received the RC approach.

OC vs LC

Overall complications and all other OC-vs-LC outcomes
are significantly different in favor of the LC approach
expect for cardiac complications in the MSQC database,
where there is no significant difference.

OC vs RC

Overall complications and all other OC-vs-RC ACS-NSQIP
outcomes are significantly different in favor of the RC
approach. Significantly different outcomes in the ACS-
NSQIP database that are not significantly different in
MSQC are given for DVT, cardiac complications, un-
planned reintubation, renal failure, anastomotic leak, 30-
day reoperation, and 30-day mortality.

JSLS

LC vs RC

The overall complication rate is significantly less for the
LC group than for the RC group in the MSQC database,
while there is no significant difference in the ACS-NSQIP
database analysis. SSIs are significantly fewer for the RC
approach in ACS-NSQIP but not in MSQC. Anastomotic
leaks and 30-day readmissions are significantly less with
the LC approach compared with the RC approach in
MSQC, but there is no significant difference in ACS-
NSQIP. There are significantly fewer 30-day reoperations
for the LC group compared with the RC group in both
databases.

Table 3 and Figure 1 show ORs for MSQC and ACS-
NSQIP adjusted outcomes for the colorectal study group.
Table 4 and Figure 2 show subgroup analyses of ORs for
MSQC and ACS-NSQIP risk-adjusted outcomes for colec-
tomies, and Table 5 and Figure 3 provide the same for
rectal resections. These tables and figures are summarized
as follows.

Overall Complication Rate

The overall complication rate was significantly higher in
the OC group compared with the LC and RC groups, and
this finding remained significant in colectomy and rectal
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Figure 1. Outcomes for all patients: OC vs LC, OC vs RC, and LC vs RC.
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resection subgroup analyses. When comparing the LC and
RC groups, MSQC and ACS-NSQIP results differed. In the
MSQC analysis, there were significantly fewer complica-
tions in the LC group and the LC rectal resection subgroup
with no significant difference in the colectomy subgroup.
In contrast, there were significantly more complications in
the LC group compared with the RC group in the ACS-
NSQIP analysis, and this finding was also significantly
different in both colectomy and rectal resection subgroup
analyses.

Operative Times and Hospital LOS

Cases with operative times >100 minutes were signifi-
cantly longer in the RC group than in the LC and OC
groups in both MSQC and ACS-NSQIP databases, and this
finding remained significant in colectomy and rectal re-
section subgroups analyses. Hospital LOS was signifi-
cantly shorter for the RC group than for the LC and OC
groups in both MSQC and ACS-NSQIP databases, and this
finding remained significant in the colectomy subgroup
analysis. In the rectal resection subgroup, hospital LOS
was not significantly different in MSQC.

Individual Complications

SSIs were significantly more common in all OC groups
compared with the LC and RC groups in both MSQC and

October—December 2018 Volume 22 Issue 4 €2018.00031
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Figure 2. Colectomy outcomes for OC vs LC, OC vs RC, and LC vs RC.

9

ACS-NSQIP databases. When comparing the LC and RC
approaches, SSIs were significantly fewer in the RC group
and RC subgroups in ACS-NSQIP, while there was no
significant difference between LC and RC groups and
subgroups in MSQC.

Anastomotic leaks were significantly more common in all
OC groups compared with the LC and RC groups and sub-
groups in the ACS-NSQIP database. In the MSQC database,
anastomotic leaks were significantly more frequent in the OC
group than in the LC group except in colectomy subgroups
analyses, where there was no significant difference. There
was no significant difference in anastomotic leaks in MSQC
when comparing the OC and RC groups and subgroups.
When comparing the LC and RC groups, MSQC and ACS-
NSQIP analyses revealed contrasting results. Anastomotic
leaks were significantly fewer in the MSQC LC group and the
LC rectal resection subgroup compared with the RC group,
and there was no significant difference between the LC and
RC colectomy subgroups. In the ACS-NSQIP database, there
was no significant difference in anastomotic leaks between
the LC and RC groups except in colectomy subgroup anal-
ysis, where there were significantly fewer anastomotic leaks
in the RC group.

The 30-day mortality was significantly more frequent in
the OC group than in the LC group and colectomy sub-
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Figure 3. Rectal resection outcomes for OC vs LC, OC vs RC, and LC vs RC.

groups in both MSQC and ACS-NSQIP databases except in
the MSQC rectal resection subgroup analysis, where there
was no significant difference. There was no significant
difference in 30-day mortality between the OC and RC
groups and subgroups in MSQC, while 30-day mortality
was significantly higher in the OC group compared with
the RC groups and subgroups in ACS-NSQIP. When com-
paring LC and RC approaches, 30-day mortality was sig-
nificantly less frequent in the LC group and colectomy
subgroup. There was no significant difference in the rectal
resection subgroup. There was no significant difference in
ACS-NSQIP 30-day mortality between the LC and RC
groups and subgroups.

The tables and figures reveal several other significant
outcomes advantages for the LC and RC approaches com-
pared with the OC group in both MSQC and ACS-NSQIP.
In addition, the LC group had significantly fewer 30-day
reoperations than the RC group in MSQC and significantly
less renal failure complications in both databases.

DISCUSSION

This regional MSCQ and national ACS-NSQIP protocol-
driven database analysis comparing traditional OC, LC,
and RC colorectal surgery demonstrates several outcomes
advantages for the MIS approach. The overall complica-
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tion rate is significantly higher and hospital LOS is signif-
icantly longer for the OC approach. SSIs, anastomotic
leaks, and several other individual complications are less
frequent with MIS than with OC colorectal surgery. LC is
associated with particularly favorable outcomes in the
regional MSQC database with significantly fewer anasto-
motic leaks and less 30-day mortality than RC, findings
that are not confirmed in the national ACS-NSQIP data-
base, where there is no significant difference. Another
contrasting finding in the comparison of the LC and RC
groups is the frequency of SSIs—there is no significant
difference in MSQC but SSIs are significantly more fre-
quent in the LC group in ACS-NSQIP.

Determining the role of MIS in colorectal surgery presents
several challenges. Although LC colectomy has been
clearly demonstrated to have outcomes advantages and to
be cost effective compared with the traditional OC ap-
proach, it is still considerably underused, with traditional
OC surgery still common for colectomies and the most
common approach for rectal resections.>71* Randomized
trials evaluating MIS approaches are conducted by MIS
experts and may not be generalizable.” 1 MIS options are
evolving and newer advances may require new studies.
Large database analyses add power to comparisons be-
cause of patient numbers but have other limitations that

JSLS  www.SLS.org
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are difficult to define, suggesting that care be exercised in
interpretation.1213

Other Studies Comparing MIS and OC Colorectal
Approaches

Previous studies have confirmed the significantly de-
creased complication rates and shorter hospital LOS for
the MIS approach compared with the OC approach.3” A
study matching 67 OC with 67 LC institutional colorectal
cases and 45 OC with 45 RC cases in the ACS-NSQIP
database found a significantly lower overall complication
rate (OC 49.2% vs. LC 22.4%, P < .01; OC 33.3% vs RC
6.7%, P < .01) and hospital LOS (OC 7 vs LC 5 days, P <
.01; OC 7 vs. RC 5 days, P < .01) for the MIS approach
compared with the OC approach.? The study was an
analysis of the authors’ institutional data identified in the
ACS-NSQIP database, while our study was a multi-institu-
tional comparison of MSQC and ACS-NSQIP databases.
There was an SSI outcome advantage for the LC group but
not for the RC group in their study compared with the OC
approach.s Other studies have shown shorter hospital LOS
and fewer SSIs for the RC approach compared with the OC
approach.!#

Colorectal operations were significantly longer for the RC
group than for the LC and OC groups in both MSQC and
ACS-NSQIP analyses, which is consistent with other stud-
ies.r21415 Although operating times decrease with experi-
ence, RC takes time to set up, and the operative dissection
is characterized by shorter, slower, articulated movements
using 3 arms. The longer RC operation times in these
studies were not likely due to more complicated cases and
did not appear to be accompanied by worse outcomes.

Other Studies Comparing Specific MIS and OC
Colorectal Outcomes

Our study revealed significantly fewer anastomotic leaks
for the LC group compared with the OC group in both
MSQC and ACS-NSQIP databases and significantly fewer
anastomotic leaks for the RC group compared with the OC
group in the ACS-NSQIP database, with no significant
difference in MSQC. Other studies comparing OC and MIS
approaches for anastomotic leaks show inconsistent re-
sults, with one study suggesting there are fewer leaks with
both RC and LC approaches compared with the OC ap-
proach.t¢

When comparing LC and RC in our study, there were
significantly fewer anastomotic leaks for LC in MSQC and
more for LC in the ACS-NSQIP colectomy subgroup anal-
ysis. Most other studies comparing RC and LC show no

October—December 2018 Volume 22 Issue 4 €2018.00031
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difference in leak rates, which vary between 2.7% and
3.9%.1-4815 Anastomotic leak is a major complication of
colorectal surgery with high morbidity. Reoperation for
anastomotic leaks accounts for 30-40% of deaths after
resection for colorectal cancer.'” In our study, unadjusted
leak rates for OC, LC, and RC were 2.7%, 1.6%, and 2.7%,
respectively, in MSQC and 4.3%, 2.6%, and 2.9%, respec-
tively, in ACS-NSQIP. The anastomotic leak rates in both
databases in all groups in this study compare favorably
with the rates from other studies, especially in the rectal
resection subgroup analysis. It may be that the sample size
in our study is so large that the statistically significant
difference in these rates is not clinically different for this
complication.>4816 Anastomotic leak rates are associated
with several risk factors that are difficult to control for in
statistical models. The reasons for inconsistent results in
studies to date are not apparent at this time, and definitive
conclusions based on these results would be difficult to
determine.

Thirty-day mortality was another inconsistent finding be-
tween MSQC and ACS-NSQIP databases in our study. LC
and RC groups have significantly fewer deaths than the
OC group in the ACS-NSQIP database, while there was no
significant difference between RC and OC approaches in
MSQC. The LC group had significantly fewer deaths than
the RC group in MSQC, but there was no significant
difference in ACS-NSQIP. Adjusted death rates for OC, LC,
and RC options were 1.1%, 0.5%, and 1.2%, respectively,
in MSQC, and 0.76%, 0.48%, and 0.41%, respectively, in
ACS-NSQIP. Other studies show no significant difference
in 30-day mortality between LC and RC with rates for both
MIS options between 0.3% and 4.0%.1.248.10

Other Studies Comparing RC and LC Colorectal
Outcomes

Many studies comparing LC and RC MIS options show no
significant difference in postoperative complication rates,
though several show decreased hospital LOS and conver-
sion rates for RC.1.24.6,18-20 Some studies show an advan-
tage related to the intracorporeal anastomosis compared
with the extracorporeal anastomosis for both RC and LC
options.®20-22 The learning curve for RC appears to be
shorter than that for LC, and the adoption of RC is increas-
ing, especially for rectal resections in the pelvis and for
anastomotic suturing that accompanies colectomies.?'-2
Because of the ergonomic advantages, the RC approach is
more appealing for many surgeons operating in the pel-
vis.12 Our study shows a higher proportion of rectal re-
sections in the study population compared with the LC
approach (48.4% vs 29.6%, P < .0001). Because 45-78% of
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colorectal procedures are still done via the OC approach,
there may be value to other MIS options if they result in a
decrease in OC colorectal surgery and are associated with
favorable outcomes.3#+°-8 This regional and national da-
tabase analysis suggests that RC outcomes are significantly
favorable compared with OC.

MSQC and ACS-NSQIP databases do not contain cost data,
and this metric was not evaluated in this study. Ultimately,
cost comparisons will affect the value of MIS options for
colorectal surgery. Earlier studies revealed higher RC in-
stitutional costs compared with LC costs.324-2¢ Because
OC is most prevalent, a cost comparison to this approach
is warranted as well. One such ACS-NSQIP study match-
ing institutional data found that the median hospital costs
of RC and OC surgery were not significantly different.3
Our group recently demonstrated in an analysis linking
MSQC clinical metrics with adjudicated complete claims
payments from the Michigan Value Collaborative that ep-
isode payments for RC were higher than those for the LC
approach but lower than those for the OC approach.?’
Other studies that include the cost of healthcare resources
are warranted to determine if the cost of RC purchase,
maintenance, and supplies is mitigated by the favorable
outcomes and potential health care resource advantages
compared with OC, especially if significantly increasing
the adoption of LC is not practical.?®

This study is limited by retrospective design. There is the
possibility of selection bias and the possibility of unmea-
sured confounders, even with statistical adjustment. Data
reliability depends on accurate data abstraction, but this
may be a strength of the present study in that trained
clinicians submit data for both risk-adjusted databases.
Some patient characteristics may be significantly different
because of the large numbers and may not be clinically
different. For example, hypertension was a comorbidity in
7399 (48.2%) of OC cases, 18,065 (45.8%) of LC cases, and
1644 (46.6%) of RC cases (P < .0001), a result that is
statistically different but may not be clinically different.

Although some of the significant differences in outcomes
were the same in both MSQC and ACS-NSQIP databases,
there were several differences between databases for in-
dividual complications. The number of patients in the
ACS-NSQIP database is much larger, and this may have
resulted in higher statistical power with respect to mea-
suring individual complications with low rates. In addi-
tion, some of the covariates that could be controlled for
were not available in both databases. Finally, there is no
way to elucidate surgeon decision-making, surgeon skill
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set, and surgeon experience for operative approaches and
the impact this may bave on the results of this study.

The evolution of risk-adjusted databases composed of
data from surgeons of varying levels of expertise and
hospitals of varying composition and demographics al-
lowed the generation of data considered more generaliz-
able than single-institution analyses and allowed metrics
for quality improvement. Future investigations should
consider risk-adjusted database limitations and which in-
terventions may allow quality improvement in standard-
izing data reporting and abstraction for reliability. Appli-
cation of the science of data analytics to promote
standardized collection and analysis of high-quality data
for the purposes of clinical research is worthy of further
investigation.!3

CONCLUSION

This outcomes comparison of 2 large multicenter-vali-
dated regional and national databases shows that mini-
mally invasive LC and RC colorectal surgery are associated
with significantly fewer postoperative adverse events and
decreased hospital LOS compared with the OC approach.
There are some outcomes inconsistencies between data-
bases, and some results should be interpreted in context
and with caution.
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